EP 3 759 683 B1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(45) Date of publication and mention
of the grant of the patent:
14.02.2024 Bulletin 2024/07

(21) Application number: 18753472.2

(22) Date of filing: 23.07.2018

(11) EP 3759 683 B1

EUROPEAN PATENT SPECIFICATION

(51) International Patent Classification (IPC):
GO6T 3/00 (2024.0%)

(562) Cooperative Patent Classification (CPC):
GO6T 3/16; GO6F 16/7837; GO6T 7/564;
HO4N 5/2625

(86) International application number:
PCT/JP2018/027530

(87) International publication number:
WO 2019/167300 (06.09.2019 Gazette 2019/36)

(54) IMAGE PROCESSING DEVICE, ENCODING DEVICE, DECODING DEVICE, IMAGE PROCESSING
METHOD, PROGRAM, ENCODING METHOD, AND DECODING METHOD

BILDVERARBEITUNGSVORRICHTUNG, CODIERVORRICHTUNG,
DECODIERUNGSVORRICHTUNG, BILDVERARBEITUNGSVERFAHREN, PROGRAMM,
CODIERVERFAHREN UND DECODIERVERFAHREN

DISPOSITIF DE TRAITEMENT D’'IMAGES, DISPOSITIF DE CODAGE, DISPOSITIF DE DECODAGE,
PROCEDE DE TRAITEMENT D'IMAGES, PROGRAMME, PROCEDE DE CODAGE, ET PROCEDE

DE DECODAGE

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 01.03.2018 JP 2018036225

(43) Date of publication of application:
06.01.2021 Bulletin 2021/01

(73) Proprietor: Sony Group Corporation
Tokyo 108-0075 (JP)

(72) Inventors:
* SUGANO, Hisako
Tokyo 108-0075 (JP)
* TANAKA, Junichi
Tokyo 108-0075 (JP)

(74) Representative: D Young & Co LLP
120 Holborn
London EC1N 2DY (GB)

(56) References cited:
EP-A1-2 166 508
US-A1-2003 085 992

EP-A2- 2 031 562
US-A1-2013 163 961

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



1 EP 3 759 683 B1 2

Description
[CROSS REFERENCE TO RELATED APPLICATIONS]

[0001] This application claims the benefit of Japanese
Priority Patent Application JP 2018-036225 filed on
March 1, 2018.

[Technical Field]

[0002] The present disclosure relates to an image
processing device, an encoding device, a decoding de-
vice, an image processing method, a program, an en-
coding method, and a decoding method.

[Background Art]

[0003] Various processes for generating stroboscopic
composition images are proposed (for example, see PTL
1).

[0004] Document US 2003/085992 A1 (ARPA AYDIN
ET AL), 08.05.2003, discloses a surveillance system for
monitoring a scene, where an image processor coupled
to cameras produces a three-dimensional image model
of the scene, and a view selector to select combination
of views to be displayed on an image display.

[Citation List]
[Patent Literature]

[0005] [PTL 1]
JP 2007-259477A

[Summary]
[Technical Problem]

[0006] In such a field, it is desirable to perform an ap-
propriate process for generating a desired stroboscopic
composition image.

[0007] It is desirable to provide an image processing
apparatus and an image processing method for gener-
ating a stroboscopic composition video including a 3D
model.

[Solution to Problem]

[0008]
claims.

The invention is defined by the appended

Advantageous Effects of Invention]

[0009] According to at least one embodiment of the
present disclosure, it is possible to generate a strobo-
scopic composition video including a 3D model. Note that
the present disclosure is not necessarily limited to the
advantageous effects described herein, and may have
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any advantageous effect described in the present disclo-
sure. Moreover, the exemplified advantageous effects
are not intended to limit the content of the present dis-
closure.

Brief Description of Drawings
[0010]

[fig.1]Figs. 1A and 1B are diagrams referred to when
describing problems to be taken into consideration
in an embodiment.

[fig.2]Figs. 2A and 2B are diagrams referred to when
describing problems to be taken into consideration
in an embodiment.

[fig.3]Fig. 3 is a diagram referred to when describing
problems to be taken into consideration in an em-
bodiment.

[fig.4]Fig. 4 is a diagram referred to when describing
problems to be taken into consideration in an em-
bodiment.

[fig.5]Figs. 5A and 5B are diagrams referred to when
describing problems to be taken into consideration
in an embodiment.

[fig.6]Figs. 6A and 6B are diagrams referred to when
describing problems to be taken into consideration
in an embodiment.

[fig.7]Fig. 7 is a block diagram for describing a con-
figuration example of an image processing device
according to an embodiment.

[fig.8]Fig. 8 is a flowchart illustrating the flow of a
processing example performed by the image
processing device according to an embodiment.
[fig.9]Fig. 9 is a diagram for describing an example
of a data set according to an embodiment.

[fig. 10]Figs. 10A and 10B are diagrams referred to
when describing a process of determining the pres-
ence of movement of a subject.

[fig.11]Figs. 11A and 11B are diagrams schemati-
cally illustrating a case where it is determined that
movement of a subject is not present.

[fig. 12]Fig. 12 is adiagram referred to when describ-
ing another example of a process of determining the
presence of movement of a subject.

[fig. 13]Fig. 13 is adiagram referred to when describ-
ing another example of a process of determining the
presence of movement of a subject.

[fig. 14]Figs. 14A and 14B are diagrams schemati-
cally illustrating an example in which the degree of
interference between subjects is equal to or smaller
than a predetermined value.

[fig. 15]Fig. 15 is a diagram schemaitically illustrating
an example in which the degree of interference be-
tween subjects is larger than a predetermined value.
[fig. 16]Fig. 16 is a diagram illustrating an example
of a 3D stroboscopic composition video obtained by
the processing of the embodiment.

[fig. 17]Fig. 17 is a block diagram illustrating a con-
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figuration example of a transmission system accord-
ing to an embodiment.

[fig. 18]Fig. 18 isadiagram for describing an example
ofthe processing performed by the transmission sys-
tem according to an embodiment.

[fig. 19]Fig. 19 is a diagram for describing another
example of the processing performed by the trans-
mission system according to an embodiment.
[fig.20]Fig. 20 is a diagram for describing another
example of the processing performed by the trans-
mission system according to an embodiment.
[fig.21]Fig. 21 is a diagram for describing another
example of the processing performed by the trans-
mission system according to an embodiment.
[fig.22]Figs. 22A and 22B are diagrams illustrating
an example of an ordinary silhouette image.
[fig.23]Figs. 23A and 23B are diagrams illustrating
an example of a silhouette image according to an
embodiment.

[fig.24]Fig. 24 is a diagram schematically illustrating
an example of a free-viewpoint image capturing sys-
tem.

[fig.25]Fig. 25 is a diagram referred to when describ-
ing the processing performed on a reception side of
the transmission system.

[fig.26]Figs. 26A to 26C are diagrams referred to
when describing a process of extracting a specific
silhouette from a silhouette image in which a plurality
of silhouette images are composed.

[fig.27]Fig. 27 is a diagram for describing problems
to be taken into consideration when displaying a 3D
model using an ordinary method.

[fig.28]Fig. 28 is a diagram referred to when describ-
ing an example of a method of displaying a 3D stro-
boscopic composition video according to an embod-
iment.

[fig.29]Figs. 29A to 29C are diagrams referred to
when describing another example of a method of
displaying a 3D stroboscopic composition video ac-
cording to an embodiment.

Description of Embodiments

[0011] Hereinafter,embodiments of the presentdisclo-
sure and the like will be described with reference to the
drawings. Note that the description will be given in the
following order.

<Technology related to embodiment and problems
to be taken into consideration>
<Embodiment>

Configuration example of image processing unit
Flow of processes of embodiment
Transmission system

Display example

<Modification>
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<Technology related to embodiment and problems
to be taken into consideration>

[0012] First, a technology related to an embodiment
and problems to be taken into consideration will be de-
scribed in order to facilitate understanding of the present
disclosure. Note that an overview of the embodiment will
be also discussed within a range necessary for descrip-
tion.

[0013] Generally, stroboscopic photography using an
image capturing device (a camera) is performed. Stro-
boscopic photography is a method of superimposing and
composing frames (for example, including representa-
tions of orimages of an object or multiple objects) ranging
between certain time points t and t’, of a video photo-
graphed by a fixed-point camera in order to express and
understand the trajectory or the like of a moving subject.
2-dimensionalimages (hereinafter appropriately referred
to as 2D stroboscopic composition videos) obtained by
stroboscopic photography are displayed to users.
[0014] One of problems to be taken into consideration
to obtain the 2D stroboscopic composition video is that
it incurs manual operations. For example, although it is
possible to express the movement of a subject without
any overlap by thinning out frames at a constant time
interval in a case where a moving speed of the subject
is constant, inappropriate overlaps may occur when the
moving speed of the subject decreases. In such a case,
a user has to manually perform an operation of select
frames to be thinned out. Therefore, it is desirable that a
stroboscopic composition video is generated automati-
cally without such a manual operation.

[0015] Incidentally, it is possible to generate 3D data
corresponding to a 3-dimensional shape of a subject us-
ing pieces of 2-dimensional image data or the like ob-
tained from a plurality of image capturing devices ar-
ranged to surround the subject. In the present embodi-
ment, it is possible to generate a stroboscopic composi-
tion video (hereinafter appropriately referred to as a 3D
stroboscopic composition video) using a 3D model which
is a 3-dimensional shape of the subject (the details of
these processes will be described later).

[0016] As one example, a method of generating a 3D
stroboscopic composition video by superimposing 3D
models at respective time points on the basis of time
information may be used. A problem to be taken into con-
sideration in this method will be described. As illustrated
in Fig. 1A, a case where an object (a 3-dimensional ob-
ject) AA moves toward a viewer at time points t1 to t3 will
be considered. Note that time point t1 precedes time
points t2 and t3 and time point t2 precedes time point t3.
In addition, although Figs. 1A and 1B schematically illus-
trates the cylindrical object AA, the object AA may have
an arbitrary shape.

[0017] Fig. 1B illustrates a 3D stroboscopic composi-
tion video in which the objects AA at respective time
points are superimposed on the basis of time information.
In a case where the object AA moves toward a viewer,
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no problem occurs even when a 3D stroboscopic com-
position video is generated on the basis of the time in-
formation only.

[0018] Next, as illustrated in Fig. 2A, a case where the
object AA moves away from a viewer at time points t1 to
t3 will be considered. In such a case, if a 3D stroboscopic
composition video is created on the basis of time infor-
mation only, a 3D stroboscopic composition video in
which objects later in time are sequentially overwritten is
obtained. Forexample, as illustrated in Fig. 2B, the object
AA located near a viewer at an earlier time point is dis-
played on a backward side of the 3D stroboscopic com-
position video and the object AA located away from the
viewer at a later time point is displayed on a forward side
thereof, which is inappropriate. Therefore, this needs to
be taken into consideration.

[0019] Fig. 3 is a diagram illustrating a state in which,
in a case where a 3D stroboscopic composition video is
generated preferentially on the basis of the time informa-
tion, 3-dimensional positions of objects are not correctly
represented in a superimposed manner. As illustrated in
Fig. 3, a case where a spherical object AB moves away
from the position of a viewer with the lapse of time (time
points t0, t1, SYMBOL 188 \f "Symbol" \s 11, t4) will be
considered. When a 3D stroboscopic composition video
is generated preferentially on the basis of time informa-
tion, a video in which an object AB at time point t4 (that
is, the object AB located away from the viewer) is dis-
played as a main subject is obtained.

[0020] Therefore, in the present embodiment, as illus-
trated in Fig. 4, an object (the object AB at time point t0
in this example) located closest to the subject from a
viewer is displayed at the front side. Although the details
are described later, in the present embodiment, depth
information of the object AB is used to generate the 3D
stroboscopic composition video. Such a technique,
which will be described further below, provides an exam-
ple of animage processing method comprising: receiving
successive captured images of an object and depth in-
formation indicating a three-dimensional location of the
object relative to at least one distance measuring device;
selecting a set of the successive images; and generating
a stroboscopic image, with respect to a stroboscopic im-
age viewpoint, by superposing at least parts of the se-
lected set of images, such that amongst the selected set
ofimages of the object, images of the object are arranged
in order of distance of the object from the stroboscopic
image viewpoint, in which, for a pair of images of the
object at different timepoints in which an earlier image of
the object has a smaller distance from the stroboscopic
image viewpoint than a later image of the object, the ear-
lier image of the object closer to the stroboscopic image
viewpoint is displayed nearer the foreground than the
later image of the object.

[0021] Another problem to be taken into consideration
when generating a 3D stroboscopic composition video
using time information only will be described. As illustrat-
ed in Fig. 5A, a case where a moving speed of an object
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AB changes will be considered. For example, as illustrat-
ed in Fig. 5A, a case where the moving speed of the
object AB changes at time point t3 (specifically, a case
where the moving speed decreases) will be considered.
Fig. 5B is a lateral view of the trajectory of the object AB
illustrated in Fig. 5A. In such a case, when a 3D strobo-
scopic composition video is generated by superimposing
the object AB simply at a constant interval, in a case
where the moving speed of the object AB changes, the
objects AB at respective time points interfere with each
other, and a partially inappropriate video is obtained.
[0022] Therefore, in the present embodiment, it is de-
termined whether the objects AB (or in other words, the
representations of the object AB in the successive imag-
es) at respective time points interfere with each other 3-
dimensionally, for example, and the objects are not su-
perimposed in a case where interference occurs and the
objects are superimposed in a case where interference
does not occur. This is an example of detecting interfer-
ence, representing an overlap between the representa-
tions of the object in the successive images. By this
processing, as schematically illustrated in Figs. 6A and
6B, itis possible to obtain an appropriate 3D stroboscopic
composition video, for example by selecting a set of the
successive images such that the detected interference
between representations of the object in the selected set
of images is less than a threshold interference. Note that
no interference may mean that the degree of interference
is 0 and may mean that the degree of interference is
equal to or smaller than a threshold (for example, 10%).
Therefore, in examples, the threshold interference can
represent zero interference. In other examples, the
threshold interference can represent an overlap of a pre-
determined proportion of the image area (for example,
the larger image area in the case that the object size is
differentbetween representations) ofthe representations
of the object. For example, the predetermined proportion
may be 10%.

[0023] A stroboscopic image can then be generated
from the selected set of images.

[0024] This therefore provides an example of animage
processing method comprising:

receiving successive images containing representa-
tions of an object; detecting interference, represent-
ing an overlap between the representations of the
object in the successive images;

selecting a set of the successive images such that
the detected interference between representations
of the object in the selected set of images is less
than a threshold interference; and generating a stro-
boscopic image from the selected set of images.

[0025] In addition, generally, there is known a video
representation method called timelapse (bullet-time) of
slicing a certain time point t so that viewers can watch
that moment from free viewpoints. In related art, viewers
watch a subject at a certain time point t only from free
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viewpoints. However, according to the present embodi-
ment, since a 3D stroboscopic composition video ob-
tained by composing 3D models of time points t to t’ is
generated, it is possible to achieve a timelapse expres-
sion at time points t to t'.

[0026] With the above-described problems to be taken
into consideration in mind, embodiments of the present
disclosure will be described in detail.

<Embodiment>
Configuration example of image processing device

[0027] Inthe presentembodiment, a free-viewpointim-
age capturing system including a plurality of (at least two)
image capturing devices arranged to surround a subject
is used. As an example, the free-viewpoint image cap-
turing system has six image capturing devices. The six
image capturing devices obtain images (viewpoint imag-
es) corresponding to arrangement positions (viewpoints)
of the respective image capturing devices by capturing
2-dimensional image data of moving images of subjects
which are at least partially identical at synchronized tim-
ings.

[0028] Furthermore, the free-viewpoint image captur-
ing system according to the present embodiment has a
distance measuring device capable of measuring a dis-
tance to a subject. The distance measuring device is pro-
vided in each image capturing device, for example, and
generates depth image data of the same viewpoint, for
example, as the image capturing device. Only some of
the six image capturing devices may have the distance
measuring device. Moreover, the distance measuring de-
vice may be a different device from the image capturing
device. In this case, the distance measuring device may
generate depth image data of a different viewpoint from
the image capturing device. The free-viewpoint image
capturing system according to the present embodiment
has four distance measuring devices. The distance
measuring device may be a time-of-flight (TOF) or a light-
detection-and-ranging (LiDAR), for example. A camera
(a stereo camera) that obtains distance information may
be used as the distance measuring device.

[0029] This therefore provides an example comprising
a set of devices providing: two or more image capturing
devices, arranged so that the successive images com-
prise groups of images captured from different respective
image capture viewpoints; and one or more distance
measuring devices. Note that within the set of devices,
one or more of the image capturing devices could include
the functionality of the distance measuring devices (for
example, in the form of stereoscopic or other depth cam-
eras) and/or the distance measuring device(s) could be
separate device(s)to the image capturing devices.
[0030] The multiple image capturing devices may cap-
ture successive groups of images (such as one image
pre device at any time) which may be synchronized to-
gether or between which the apparatus to be described
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below may detect a synchronization shift.

[0031] Each image capturing device has an image
processing device as well as known constituent elements
such as an image capturing element, and a control unit
such as a CPU, and a display. Note that only some of
the image capturing devices may have the image
processing device. Moreover, the image processing de-
vice may be an independent device such as a personal
computer capable of communicating with each image
capturing device in a wired or wireless manner rather
than being embedded in the image capturing device.
[0032] Fig. 7 is a block diagram for describing a con-
figuration example of an image processing device (an
image processing device 1) according to the present em-
bodiment. For example, the image processing device
may be implemented as a programmable processor or
processing apparatus operating under the control of com-
puter software which, when executed by such a device,
causes the device to perform one or more of the methods
described here. The computer software may be stored
by a non-transitory machine-readable medium such as
a magnetic or optical disc, a flash memory, a read only
memory or the like. For example, the image processing
device 1 has a camera calibration unit 11, a frame syn-
chronizing unit 12, a background difference extracting
unit 13, a 3D stroboscopic composition determining unit
14, an interference detecting unit 15, a frame selecting
unit 16, a 3D model generating unit 17, and a 3D strobo-
scopic composition unit 18.

[0033] Thecamera calibrationunit 11 receives six piec-
es of 2-dimensional image data (2-dimensional image
data acquired by six image capturing devices) at a pre-
determined time point. For example, the camera calibra-
tion unit 11 receives a plurality of (for example, six in the
present embodiment) viewpointimages obtained by cap-
turing a subject at a certain time point t1, six viewpoint
images obtained by capturing the image at another time
point t2, and six viewpoint images obtained by capturing
the subject at still another viewpoint t3. Note that, in the
present embodiment, although the camera calibration
unit 11 functions as an acquisition unit, an interface to
which the viewpoint images are input may function as an
acquisition unit. In addition, in the present embodiment,
although it is assumed that the plurality of viewpoint im-
ages obtained by capturing the subject at time point t1
have no synchronization shift, the viewpoint images may
have a synchronization shift. The same is true for the
plurality of viewpoint images obtained by capturing the
subject at time points t2 and t3.

[0034] A 3D stroboscopic composition video is output
from the 3D stroboscopic composition unit 18. That is,
the 3D stroboscopic composition unit 18 generates a
composition 3D model (that is, a 3D stroboscopic com-
position video) including a 3D model of the subject at
respective time points (at least two time points of the time
points t1 to t3) generated on the basis of a plurality of
viewpoint images of at least two time points of the time
points t1 to t3 on the basis of subject positions at the time
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points t1 to t3, for example.

[0035] The respective constituent elements will be de-
scribed. The camera calibration unit 11 performs calibra-
tion using camera parameters with respect to the input
2-dimensional image data. Note that examples of the
camera parameters include internal parameters and ex-
ternal parameters. Internal parameters are parameters
unique to a camera and are obtained by calculating dis-
tortion of a camera lens, an inclination (a distortion ab-
erration coefficient) between animage sensorand alens,
an image center, and an image (pixel) size, for example.
The use of internal parameters enables an image distort-
ed by a lens optical system to be corrected to a correct
image. On the other hand, external parameters are ob-
tained by calculating a positional relation between a plu-
rality of cameras when there are a plurality of cameras
as in the present embodiment. The external parameters
are obtained by calculating a center coordinate (transla-
tion) of a lens and a direction (rotation) of a lens optical
axis in the world coordinate system.

[0036] A Zhang's method which uses chessboards is
known as a method related to camera calibration. Natu-
rally, methods other than the Zhang’s method can be
also used as a camera calibration method. For example,
a method of capturing images of a 3-dimensional object
to obtain parameters, a method of capturing images of
two emitted light beams directly toward a camera to ob-
tain parameters, a method of projecting feature points
using a projector to obtain parameters using the projec-
tion images, a method of sweeping a light emitting diode
(LED) light to capture images of point light sources to
obtain parameters may be used, and the like.

[0037] The frame synchronizing unit 12 sets one of the
six image capturing devices as a base image capturing
device and sets the remaining image capturing devices
as reference image capturing devices. The frame syn-
chronizing unit 12 detects a synchronization shift of 2-
dimensional image data of the reference cameras with
respect to the base camera in msec order for each ref-
erence camera on the basis of the 2-dimensional image
data of the base camera and the 2-dimensional image
data of the reference cameras supplied from the camera
calibration unit 11. Information regarding the detected
synchronization shift is stored and a correction process
based on the information is performed appropriately.
(Therefore in these examples, a frame synchronising unit
12 may be used to detect a synchronisation shift between
the images of a group.)

[0038] The background difference extracting unit 13
separates a subject from a background for each piece of
2-dimensional image data to generate a 2-value image
called a silhouette image in which the silhouette of the
subject is represented as black and the other region is
represented as white, for example. The background dif-
ference extracting unit 13 may generate the silhouette
image on a real-time basis and may generate the silhou-
ette image of each frame that forms a moving image after
capturing of the moving image ends.
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[0039] The 3D stroboscopic composition determining
unit 14 determines whether 3D stroboscopic composition
can be performed by the 3D stroboscopic composition
unit 18 on a rear stage. In the present embodiment, in a
case where movement of a subject is present, the 3D
stroboscopic composition determining unit 14 deter-
mines that 3D stroboscopic composition can be per-
formed. A case where movement of a subject is present
is a case where a movement amount of the subject is a
predetermined amount or more. Note that a threshold for
determining the presence of movement is set appropri-
ately according to the size, the shape, and the like of a
subject. Note that a 3D stroboscopic composition video
may be generated even in a case where movement of a
subject is not present.

[0040] Therefore in examples, a determining unit can
be provided that determines presence of movement of
the subject according to a change in the position of the
subject, wherein the composition unit is configured to
generate the stroboscopic image in a case where the
determining unit determines that movement of the sub-
ject is present.

[0041] The interference detecting unit 15 detects a de-
gree of interference of a subject on the basis of a silhou-
ette image generated by the background difference ex-
tracting unit 13 or a 3D model based on the silhouette
image. In the present embodiment, a 3D stroboscopic
composition video is generated in a case where the de-
gree of interference is 0 (that is, the subjects do not in-
terfere with each other) and in a case where the degree
ofinterference is equalto or smallerthan a predetermined
value (hereinafter, these cases will be collectively re-
ferred to as a case where the degree of interference is
equal to or smaller than a predetermined value).

[0042] The frame selecting unit 16 selects a frame in
which the interference detecting unit 15 has determined
that the degree of interference is equal to or smaller than
a predetermined value.

[0043] The 3D model generatingunit 17 performs mod-
eling based on visual hulls or the like using the 2-dimen-
sional image data and the depth image data based on
the viewpoints of the respective image capturing devices
and the parameters of the respective image capturing
devices to create amesh. Then, the 3D model generating
unit 17 performs texture mapping on the mesh on the
basis of predetermined color information to generate a
3D model which is the result of mapping. For example,
the 3D model generating unit 17 generates a 3D model
on a real-time basis using the 2-dimensional image data
and the depth image data based on the viewpoints of the
respective image capturing devices and the parameters
of the respective image capturing devices at a predeter-
mined time point.

[0044] Therefore, in examples, the model generating
unit 17 can be configured to detect the intersection of
visual hulls corresponding to respective images of a
group of images.

[0045] In examples, the model generating unit 17 can
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be configured to generate a meshrepresenting the object
and to perform texture mapping on the generated mesh.
[0046] The device 1, in this context, therefore provides
an example of image processing apparatus responsive
to successive groups of images of an object captured at
the same time by two or more spaced apart image cap-
turing devices and to depth information indicating a three-
dimensional location of the object relative to at least one
distance measuring device, the image processing appa-
ratus comprising: a frame selecting unit 16 configured to
select a set of the successive image groups; and a model
generating unit 17 configured to generate a three dimen-
sional model, for each image group in the set of image
groups, from images captured at the same time by the
two or more spaced apart image capturing devices and
from the depth information, and to map a texture to the
generated three dimensional model; a composition unit
18 configured to generate a stroboscopic image, with re-
spect to a stroboscopic image viewpoint, by superposing
the three dimensional models generated by the model
generating unit on a predetermined background.

[0047] Inexamples,the device 1 can perform animage
processing method comprising:

receiving successive groups of images of an object
captured at the same time by two or more spaced
apartimage capturing devices and depth information
indicating a three-dimensional location of the object
relative to at least one distance measuring device;
selecting a set of the successive image groups; gen-
erating a three dimensional model, for each image
group in the set of image groups, from images cap-
tured at the same time by the two or more spaced
apart image capturing devices and from the depth
information;

mapping a texture to the generated three dimension-
al model; generating a stroboscopic image, with re-
spect to a stroboscopic image viewpoint, by super-
posing the three dimensional models on a predeter-
mined background.

[0048] The 3D stroboscopic composition unit 18 dis-
plays a plurality of 3D models generated by the 3D model
generating unit 17 so as to be superimposed on a pre-
determined background to thereby generate and output
a 3D stroboscopic composition video.

[0049] The apparatus of Figure 7 therefore provides
an example of image processing apparatus responsive
to successive images containing representations of an
object, the image processing apparatus comprising: an
interference detecting unit (such as the unit 15) to detect
interference, representing an overlap between the rep-
resentations of the object in the successive images; a
frame selecting unit (such as the unit 16) configured to
select a set of the successive images such that the de-
tected interference between representations of the object
in the selected set of images is less than a threshold
interference; and a composition unit (such as the unit 18)
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configured to generate a stroboscopic image from the
selected set of images.

[0050] Note that the generated 3D stroboscopic com-
position video is displayed on a display included in the
image capturing device, forexample. The 3D stroboscop-
ic composition video may be displayed on a display in-
cluded in a different device from the image capturing de-
vice. Examples of such a display include a display of a
personal computer, a display of a television device, a
display of a device that creates virtual reality (VR), and
the like. Moreover, the display may be a so-called pro-
jection mapping device that projects an object present in
a space and projects a video on the object.

Flow of processes of embodiment

[0051] Next, an example of the flow of processes per-
formed in the present embodiment will be described. Fig.
8is a flowchart illustrating the flow of the processes. The
processes in the flowchart illustrated in Fig. 8 are per-
formed by the image processing device 1 unless partic-
ularly stated otherwise.

(Overview of processing)

[0052] In step ST11, data including the 2-dimensional
image data acquired by the free-viewpoint image captur-
ing system (hereinafter appropriately referred to as adata
set) is input to the image processing device 1. In step
ST12, the image processing device 1 determines the
movement of a subject. In step ST13, the image process-
ing device 1 determines whether 3D stroboscopic com-
position can be performed on the basis of the determi-
nation result in step ST12. Here, in a case where it is not
determined that 3D stroboscopic composition can be per-
formed, the flow proceeds to step ST16 and the process
related to 3D stroboscopic composition is not performed.
In a case where it is determined in step ST13 that 3D
stroboscopic composition can be performed, the flow pro-
ceeds to step ST14. In step ST14, the image processing
device 1 selects a modeling target frame. In step ST15,
the image processing device 1 performs 3D stroboscopic
composition on the basis of the frame selected in step
ST14 to generate a 3D stroboscopic composition video.

(Process of step ST11)

[0053] The respective processes will be described in
detail. In step ST11, a data set is input to the image
processing device 1. The data set of the present embod-
imentincludes 2-dimensional image data acquired by the
free-viewpoint image capturing system, depth informa-
tion of a subject acquired by the distance measuring de-
vice, and camera parameters.

[0054] Fig. 9 illustrates an example of 2-dimensional
image data acquired by the free-viewpoint image captur-
ing system. Fig. 9 illustrates an example of the 2-dimen-
sional image data obtained by six image capturing de-
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vices which perform capturing in a period between the
time points t0 and t7 in a synchronized manner. In this
example, the subject AD is a person. For example, pieces
of 2-dimensional image data IM10, IM20, SYMBOL 188
\f"Symbol"\s 11, IM60 are obtained by the synchronized
capturing of the six image capturing devices at time point
t0. Pieces of 2-dimensional image data IM17, IM27,
SYMBOL 188 \f "Symbol" \s 11, IM67 are obtained by
the synchronized capturing of the six image capturing
devices at time point t7. Note that the time points t are
set according to the frame rate (for example, 60 frames
per second (fps), 120 fps, and the like) of the image cap-
turing device. (So in these examples, the two or more
image capturing devices are arranged to capture images
in synchronism with one another.)

(Process of step ST12)

[0055] In step ST12, the image processing device 1
determines movement of the subject. Specifically, the 3D
stroboscopic composition determining unit 14 deter-
mines movement of the subject on the basis of the depth
information (distance information) of the subjectincluded
in the data set.

[0056] Figs. 10A and 10B are diagrams for describing
an example of a process of determining movement of the
subject performed by the 3D stroboscopic composition
determining unit 14. AS1 to AS4 in Figs. 10A and 10B
indicate the distance measuring devices, respectively. In
addition, in Figs. 10A and 10B, a subject AE who is a
skater on a skating rink is illustrated as an example.
[0057] As illustrated in Fig. 10A, at a certain time point
t0, depth information d1 is measured by the distance
measuring device AS1. Similarly, depth information d2
is measured by the distance measuring device AS2,
depth information d3 is measured by the distance meas-
uring device AS3, and depth information d4 is measured
by the distance measuring device AS4.

[0058] Then, asillustrated in Fig. 10B, in a case where
the subject AE has moved at time pointt’ (t =t’) later than
time point O (t = 0), the depth information d1, d2, d3, and
d4 changes. By detecting this change, it is possible to
determine the presence of movement of the subject AE.
For example, it is determined that movement of the sub-
ject AE is present in a case where a change in at least
one of the pieces of depth information d1, d2, d3, and d4
is equal to or larger than a threshold. On the other hand,
as illustrated in Figs. 11A and 11B, it is determined that
movement of the subject AE is not present in a case
where there is no change in the distance information ac-
quired by the distance measuring devices AS1 to AS4 at
the time points 0 and t’ (including a case where the
change is equal to or smaller than a threshold).

[0059] Note that the extent of change in the depth in-
formation for determining the presence of movement
(that is, the threshold of the depth information for deter-
mining the presence of movement) is set appropriately
according to the shape and the size of the subject.
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[0060] Note that, in the present embodiment, although
an example of using four distance measuring devices AS
1 to AS4 is described, one distance measuring device
may be used, and the presence of movement of a subject
can be determined on the basis of a change in the depth
information obtained by the distance measuring device.
Moreover, the presence of movement of a subject may
be determined on the basis of an occurrence frequency
of dot-shaped data (also referred to as a point cloud)
rather than the depth information. By detecting the move-
ment or the position of a subject which is a 3-dimensional
object using the distance measuring device or the point
cloud information, it is possible to ascertain the move-
ment of a subject in a simple manner.

[0061] A method of determining the movement of a
subject AE in a case where the free-viewpoint image cap-
turing system does not have a sensor such as a distance
measuring device will be described. For example, as il-
lustrated in Fig. 12, a silhouette image based on 2-di-
mensional image data of the time points t and t’ is gen-
erated. In this case, the time points between t and t' may
be appropriately thinned out to limit the 2-dimensional
image data to be used for generating the silhouette im-
age. In addition, it may be determined that the subject
AE has moved in a case where there is no overlap of the
subject AE in the silhouette image.

[0062] Inaddition, the size of asilhouette atthe position
of a certain image capturing device is measured using
the principle of perspective projection. For example, as
illustrated in Fig. 13, according to perspective projection,
a close object (for example, a cylindrical object BB) is
photographed in a large size and a distant object is pho-
tographed in a small size. In a case where a change in
the size of a silhouette is equal to or larger than a thresh-
old, it may be determined that the object has moved.
[0063] Besidesthese methods, in a case where a sub-
ject is a person, feature points of a person may be de-
tected by performing a face detection process or the like,
and the presence of movement of the subject may be
determined on the basis of a movement result of the fea-
ture points. Moreover, a motion vector of a subject may
be detected on the basis of a known method and the
presence of movement of the subject may be determined
according to the detection result. Moreover, a subject
may have a marker, and the movement of the subject
may be determined by detecting movement of the mark-
er. Examples of such a marker include a retro-reflective
material thatis clearly visible in a wavelength region other
than a visible light region, a transmitter, and the like.
[0064] In addition, the movement of a subject may be
determined using the 2-dimensional image data (includ-
ing a silhouette image based thereon) only obtained by
a predetermined image capturing device among the plu-
rality of image capturing devices of the free-viewpoint
image capturing system.
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(Process of step ST13)

[0065] In step ST13, the 3D stroboscopic composition
determining unit 14 determines whether 3D stroboscopic
composition can be performed. One of the merits of stro-
boscopic composition videos regardless of whether the
videos are 2-dimensional (2D) or 3-dimensional (3D) is
thatitis possible to understand the trajectory of the move-
ment of a subject. Therefore, the 3D stroboscopic com-
position determining unit 14 determines that 3D strobo-
scopic composition can be performed in a case where it
is determined in step ST12 that movement of the subject
is present.

[0066] Note that 3D stroboscopic composition can be
still performed even in a case where movement of a sub-
ject is not present. In this case, however, the obtained
3D stroboscopic composition video has a number of 3D
models overlapping in a specific region and it is not pos-
sible to obtain a meaningful 3D stroboscopic composition
video. However, even in this case, it is possible to obtain
ameaningful 3D stroboscopic composition video by mod-
ifying a displaying method. Note that the details of the
displaying method will be described later.

(Process of step ST14)

[0067] In step ST14, a plurality of viewpoint images
(that is, frames) to be used when generating (modeling)
a 3D model is selected. For example, step ST14 is per-
formed by the interference detecting unit 15 and the
frame selecting unit 16 of the image processing device
1. Although a 3D model may be generated using all piec-
es of 2-dimensional image data that form the data set, in
the present embodiment, frames to be used when gen-
erating the 3D model are selected by taking a processing
load, visibility of a 3D stroboscopic composition video to
be obtained, and the like into consideration. Specifically,
pieces of 2-dimensional image data that form the data
setare thinned out in a time direction. Note that six pieces
of 2-dimensional image data captured in synchronization
with a certain time point t are thinned out. In other words,
a set of data to be used for generating a 3D model and
a set of frames to be thinned out are selected using a set
of six pieces of 2-dimensional image data at a certain
time point t as a unit.

[0068] The interference detecting unit 15 detects a de-
gree of interference indicating the degree of overlapping
between subjects captured at different time points (for
example, previous and posterior time points) by referring
to the position of a subject in a silhouette image, for ex-
ample. Fig. 14A illustrates a case where there is no over-
lap between subjects (degree of interference = 0). Fig.
14B illustrates a case where there is an overlap between
subjects. The interference detecting unit 15 outputs the
detected degree of interference to the frame selecting
unit 16.

[0069] The frame selecting unit 16 thins out the 2-di-
mensional image data of the data set appropriately by
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referring to the degree of interference, more specifically,
so that the degree of interference output from the inter-
ference detecting unit 15 is equal to or smaller than a
threshold (for example, 10%). In addition, in the present
embodiment, the frame selecting unit 16 appends a flag
indicating no interference between subjects (that is, the
degree of interference being equal to or smaller than a
threshold) to a data set after the thinning-out (that is, the
data set including the 2-dimensional image data to be
used for 3D modeling).

[0070] Note that, in the above-described example, al-
though an example of detecting the degree of interfer-
ence using a silhouette of a silhouette image has been
described, it is preferable to determine the degree of
overlapping of a subject in a 3-dimensional space using
a degree of 3-dimensional interference between sub-
jects. Forexample, the 3D model generating unit 17 gen-
erates a 3D model on the basis of six silhouette images
at a certain time point t. The 3D models at other time
points are also generated in a similar manner. By com-
paring the positions of 3D models in a 3-dimensional
space, it is possible to detect the degree of interference
between 3D models in the 3-dimensional space.

[0071] Note thatwhen overlapping in the 3-dimension-
al space is determined using 3D models, the 3D models
may be pseudo-3D models. A pseudo-3D model is a 3D
model which is based on silhouette images correspond-
ing to some viewpoints among all viewpoints (in the
present embodiment, six image capturing devices), for
example, and from which the degree of interference can
be calculated. A pseudo-3D model has a shape coarser
than a 3D model and can be generated faster than a 3D
model, but it is possible to determine the degree of inter-
ference at a high speed. Moreover, the degree of inter-
ference may be determined at the position of a bounding
box (a space in which a 3D model can be created and
which corresponds to an image capturing range of an
image capturing device as an example) only, and in this
case, similar advantages are obtained. This provides an
example in which the model generating unit 17 is config-
ured to generate a three-dimensional model of the object
from the successive images, and in which the interfer-
ence detecting unit is configured to detect interference
with respect to one or more bounding boxes surrounding
the generated three-dimensional model.

[0072] In addition, silhouette images corresponding to
respective pieces of 2-dimensional image data may be
generated after the pieces of 2-dimensional image data
are selected by the frame selecting unit 16.

[0073] In addition, the frame selecting unit 16 may thin
out frames at equal intervals in a time direction first and
then thin out frames on the basis of the degree of inter-
ference. This provides an example in which the frame
selecting unit 16 is configured to select an intermediate
set of images, being some but not all of the images, ac-
cording to a predetermined temporal spacing of the in-
termediate set of images, and to select the set ofimages
from the intermediate set of images according to the de-
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tected interference between images of the intermediate
set of images.

[0074] In addition, the degree of interference may be
determined on the basis of the presence of overlapping
in a 3-dimensional space (that s, a logical determination
of 0 or 1) and may be determined on the basis of a thresh-
old (for example, the degree of overlapping is 10% or
smaller) similarly to the above-described example. How-
ever, the method which uses a threshold is preferable
since the degree of interference of a subject can be con-
trolled. Moreover, the threshold of the degree of interfer-
ence may be changed dynamically on the basis of a result
based on face recognition or the like (the size, the shape
of a subject, and the like) and the mode set to an image
capturing device.

[0075] In addition, as illustrated in fig 15, for example,
even if itis determined that the subjects AE interfere with
each other in a case where the subjects AE are seen
from a lateral direction, it may be determined that the
degree of interference of the subject AE is equal to or
smaller than a threshold in a case where the subjects AE
are seen from above. Therefore, the degree of interfer-
ence between subjects may be determined on the basis
of the 2-dimensional image data (or a silhouette image
based thereon) obtained by an image capturing device
(for example, an image capturing device provided on the
ceiling capable of capturing images of a subject from an
upper direction) capable of determining the degree of
interference of a subject appropriately among the plural-
ity of image capturing devices. This therefore provides
an example (in which two or more cameras capture im-
ages from respective viewpoints) in which the interfer-
ence detecting unit 15 is configured to detect whether,
for one or more of the image capture viewpoints, the de-
tected interference between representations of the object
in the selected set of images is less than the threshold
interference.

[0076] Therefore,theframe selecting unitis configured
to select image groups, for use by the model generating
unit to generate respective 3D models for inclusion in the
stroboscopicimage which do notinterfere with each other
in a 3-dimensional space. In embodiments, the frame
selecting unit is configured to detect a degree of interfer-
ence, being information indicating a degree of overlap-
ping in a 3-dimensional space between a 3D model gen-
erated on the basis of a plurality of predetermined view-
point images and a 3D model generated on the basis of
a plurality of other viewpoint images.

(Process of step ST15)

[0077] In step ST15, a 3D stroboscopic composition
process is performed. The 3D stroboscopic composition
process is performed by the 3D model generating unit
17 and the 3D stroboscopic composition unit 18, for ex-
ample. The 3D model generating unit 17 generates a 3D
model using six silhouette images corresponding to six
pieces of 2-dimensional image data at a certain time point
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t, selected by the frame selecting unit 16. Similarly, the
3D model generating unit 17 generates a 3D model using
six silhouette images corresponding to six pieces of 2-
dimensional image data at another time point, selected
by the frame selecting unit 16. The 3D stroboscopic com-
position unit 18 then maps the generated respective 3D
models at predetermined positions of a predetermined
background to generate a 3D stroboscopic composition
video as illustrated in Fig. 16. Note that, although Fig. 16
illustrates a subject AE as a 2-dimensional model due to
restrictions of illustration, the subjectis actually displayed
as a 3D model. Moreover, although Fig. 16 illustrates an
example in which the 3D models do not interfere with
each other in the 3D stroboscopic composition video,
some 3D models may interfere with each other. As de-
scribed above, the degree of interference in a 3-dimen-
sional space of the 3D stroboscopic composition video
only needs tobe equal to or smaller than a predetermined
value.

[0078] Note that the 3D stroboscopic composition unit
18 may compose images of the time points between t
and t' to generate a 3D model at a time. For example,
silhouette images corresponding to frames (2-dimen-
sional image data) selected by the frame selecting unit
16 are composed along a time direction for respective
corresponding image capturing devices (respective
viewpoints). Then, the six silhouette images (hereinafter
appropriately referred to as composition silhouette imag-
es) composed for respective image capturing devices
are obtained. A 3D model may be generated at a time
using these six composition silhouette images. In the
present embodiment, since a 3D model is generated in
a case where the degree of interference between sub-
jects is equal to or smaller than a predetermined value,
it is possible to generate a 3D model at a time on the
basis of the composition silhouette images. Parallel
processing can be performed due to this processing, and
the processing can be shortened.

[0079] As described above, according to the present
embodiment, itis possible to generate a 3D stroboscopic
composition video automatically. Moreover, since a 3D
stroboscopic composition video is generated by taking
the degree of interference between subjects into consid-
eration, it is possible to generate an appropriate 3D stro-
boscopic composition video without manually selecting
frames to be thinned out. Moreover, viewers can watch
the changes in a subject between time points tand t’ from
free viewpoints.

[0080] Inthe context of the discussion of Figures 3 and
4, The device 10 provides an example of image process-
ing apparatus responsive to successive captured images
of an object and to depth information indicating a three-
dimensional location of the object relative to at least one
distance measuring device, the image processing appa-
ratus comprising: a frame selecting unit 16 configured to
select a set of the successive images; and

a composition unit 18 configured to generate a strobo-
scopic image, with respect to a stroboscopic image view-
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point, by superposing at least parts of the selected set
of images, such that amongst the selected set of images
of the object, images of the object are arranged in order
of distance of the object from the stroboscopic image
viewpoint, in which, for a pair of images of the object at
differenttimepoints in which an earlierimage of the object
has a smaller distance from the stroboscopic image view-
point than a later image of the object, the earlier image
of the object closer to the stroboscopic image viewpoint
is displayed nearer the foreground than the later image
of the object.

Transmission system

[0081] Next, a transmission system according to the
present embodiment will be described. The present ap-
plicant has already proposed a technology disclosed in
WO 2017/082076A as a method for transmitting 3D data
efficiently. The matters disclosed in the proposal can be
applied to the present disclosure.

(Overview of transmission system)

[0082] With the previously proposed technology in
mind, a transmission system according to the present
embodiment will be described. Fig. 17 illustrates a trans-
mission system according to an embodiment (hereinafter
appropriately referred to as a transmission system 100).
The transmission system 100 includes a 3-dimensional
data capturing device 101, a conversion device 102, and
an encoding device 103 as a transmission-side device.
Moreover, the transmission system 100 includes a de-
coding device 201, a conversion device 202, and a 3-
dimensional data display device 203 as a reception-side
device.

[0083] The free-viewpointimage capturing system can
be used as the 3-dimensional data capturing device 101.
That is, the 2-dimensional image data and the depth im-
age data captured by the respective image capturing de-
vices are obtained by the 3-dimensional data capturing
device 101.

[0084] In addition, the image processing device 1 in-
cluded in each image capturing device performs mode-
ling based on visual hulls or the like using the 2-dimen-
sional image data and the depth image data of the view-
points of the respective image capturing devices and the
internal parameters and the external parameters of the
respective image capturing devices to create a mesh.
The image processing device 1 generates geometric in-
formation (geometry) indicating 3-dimensional positions
of respective points (vertices) that form the created mesh
and connections (polygons) of the respective points and
2-dimensional image data of the mesh as 3-dimensional
data of the subject.

[0085] Note that the details of a method for generating
3-dimensional data from 2-dimensional image data and
depth image data of a plurality of viewpoints are dis-
closed, for example, in Saied Moezzi, Li-Cheng Tai,
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Philippe Gerard, "Virtual View Generation for 3D Digital
Video", University of California, San Diego, and Takeo
Kanade and Peter Rander, P. J. Narayanan, "Virtualized
Reality: Constructing Virtual Worlds from Real Scenes".
[0086] The conversiondevice 102 sets internal param-
eters and external parameters of a virtual camera of a
plurality of viewpoints corresponding to a predetermined
display image generation method as camera parame-
ters. Then, the conversion device 102 converts the 3-
dimensional data supplied from the respective image
capturing devices to 2-dimensionalimage data and depth
image data on the basis of the camera parameters and
generates 2-dimensional image data and depth image
data of a plurality of viewpoints corresponding to the pre-
determined display image generation method. The con-
version device 102 supplies the generated 2-dimensional
image data and depth image data to the encoding device
103.

[0087] Note that the details of a 3D CG technology of
generating 2-dimensional image data and depth image
data of a plurality of viewpoints from 3-dimensional data
are disclosed, for example, in Masayuki Tanimoto, "Re-
alizing the Ultimate Visual Communication", IEICE tech-
nical report, CS, Communication Scheme, 110(323),
73-78, 2010-11-25 and the like.

[0088] In the present specification, although it is as-
sumed that the viewpoint of the 2-dimensional image da-
ta is the same as the viewpoint of the depth image data,
the viewpoints and the number of viewpoints of the 2-
dimensional image data and the depth image data may
be different. Moreover, the viewpoints and the number
of viewpoints of the 2-dimensional image data and the
depth image data may be same with or different from
those of the cameras of the image capturing devices.
[0089] The encoding device 103 extracts 3-dimension-
al data of an occlusion region invisible from a plurality of
viewpoints corresponding to the predetermined display
image generation method from the 3-dimensional data
supplied from the respective image capturing devices
(hereinafterreferred to as occlusion 3-dimensional data).
Then, an encoding unit (not illustrated) included in the
encoding device 103 performs an encoding process
based on a predetermined encoding method with respect
to metadata including the 2-dimensional image data and
the depth image data of a plurality of viewpoints corre-
sponding to the predetermined display image generation
method, the occlusion 3-dimensional data, and camera
related information which is information regarding a vir-
tual camera such as a camera parameter of each view-
point. Examples of the encoding method include a mul-
tiview and depth video coding (MVCD) method, an AVC
method, an HEVC method and the like.

[0090] In a case where the encoding method is an
MVCD method, 2-dimensional image data and depth im-
age data of all viewpoints are collectively encoded. As a
result, one encoded stream including the metadata and
encoded data of the 2-dimensional image data and the
depth image data is generated. In this case, the camera
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parameters within the metadata are disposed in refer-
ence displays information SEI of the encoded stream.
Moreover, information regarding the depth image data
within the metadata is disposed in depth representation
information SEI.

[0091] Ontheotherhand,inacasewheretheencoding
method is an AVC method or an HEVC method, the depth
image data and the 2-dimensional image data of the re-
spective viewpoints are encoded separately. As a result,
an encoded stream of the respective viewpoints including
the 2-dimensional image data and the metadata of the
respective viewpoints and an encoded stream of the re-
spective viewpoints including the metadata and the en-
coded data of the depth image data of the respective
viewpoints are generated. In this case, the metadata is
disposed in user unregistered SEI of each encoded
stream, for example. Moreover, information that corre-
lates an encoded stream and camera parameters and
the like is included in the metadata.

[0092] Note that the information that correlates the en-
coded stream and the camera parameters and the like
may not be included in the metadata, but only metadata
corresponding to the encoded stream may be included
in the encoded stream.

[0093] The encoding device 103 transmits the encod-
ed streams to the decoding device 201. Note that, in the
present specification, although the metadata is transmit-
ted in a state of being disposed in the encoded stream,
the metadata may be transmitted separately from the en-
coded stream.

[0094] A decoding unit (not illustrated) included in the
decoding device 201 receives the encoded streams
transmitted from the encoding device 103 and decodes
the encoded streams according to a method correspond-
ing to the encoding method. The decoding unit the 2-
dimensional image data and the depth image data of the
plurality of viewpoints and the metadata obtained as the
decoding results to the conversion device 202.

[0095] The conversion device 202 generates a 3D
model from the 2-dimensional image data and the depth
image data of the plurality of viewpoints to generate dis-
play image data in which the 3D model is mapped on a
predetermined background. Then, the conversion device
202 supplies the display image data to the 3-dimensional
data display device 203.

[0096] The 3-dimensional data display device 203 is
configured as a 2-dimensional head-mounted display, a
2-dimensional monitor, a 3-dimensional head-mounted
display, a 3-dimensional monitor, or the like. The 3-di-
mensional data display device 203 displays a 3D strobo-
scopic composition video on the basis of the supplied
display image data. Note that the individual 3D model
may be represented (for example, displayed) as inde-
pendent models rather than the 3D stroboscopic compo-
sition video.
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(Generation of 3D model in transmission system)

[0097] Fig. 18 illustrates the transmission system 100
in a more simplified manner. On the transmission side,
a 3D model is generated and the 3D model is converted
to 2-dimensional image data (including color information
of RGB or the like) and depth image data. The 2-dimen-
sional image data, the depth image data, and the like are
encoded by the encoding device 103 and are transmitted.
[0098] When a 3D model is generated on the trans-
mission side, the above-described 3D model generation
method can be used. In a case where it is determined on
the transmission side that a transmission segment is rep-
resented by a 3D stroboscopic composition video, it is
possible to reduce the number of frames. That is, as de-
scribed above, in the present embodiment, since the
frames to be used for generating a 3D model are selected
by the frame selecting unit 16 when generating the 3D
model, it is possible to reduce the number of pieces of
transmission data. For example, even in a case where
120 frames are obtained in the free-viewpointimage cap-
turing system, since the frames are thinned out for 3D
stroboscopic composition, the number of frames to be
transmitted is small (for example, 12 frames). Note that,
in the illustrated example, although the 2-dimensional
image data, the depth image data, and the metadata are
encoded and transmitted, the 3D model itself (that is, the
3-dimensional data from which a 3D model can be re-
produced on the reception side) may be encoded accord-
ing to a predetermined encoding method and be trans-
mitted. On the reception side, in a case where a 3D model
is transmitted, texture mapping may be performed on the
basis of the corresponding 2-dimensional image data.
[0099] Note that, on the reception side, it is possible
to generate 2-dimensional image data of free viewpoints
by generating 3-dimensional data on the basis of the 2-
dimensional image data and the depth image data trans-
mitted from the transmission side and performing per-
spective projection of a 3-dimensional object corre-
sponding to the 3-dimensional data with respect to free
viewpoints. Therefore, even in a case where a 3D model
is transmitted from the transmission side, it is possible
to generate 2-dimensional image data corresponding to
the 3D model on the reception side.

[0100] Note that, as illustrated in Fig. 19, a 3D strobo-
scopic composition flag may be included in transmission
data (encoded data). The reception side may perform a
process of generating a 3D stroboscopic composition vid-
eo only in a case where a 3D stroboscopic composition
flag is included in the data transmitted from the transmis-
sion side, or in a case where the flag is "1" (or "0").
[0101] In addition, in a case where a 3D stroboscopic
composition flag is not present, it may be determined
whether the reception side can generate a 3D strobo-
scopic composition video. For example, as illustrated in
Fig. 20, 2-dimensional image data only is transmitted
from the transmission side. The reception side obtains
depth information of a subject in the 2-dimensional image
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data using known image processing. In addition, the re-
ception side performs a process of generating the 3D
model and determines whether a 3D stroboscopic com-
position video can be generated. The 3D stroboscopic
composition video may be generated in a case where
the 3D stroboscopic composition video can be generat-
ed.

(Method of separating object)

[0102] Note that, as illustrated in Fig. 21, as described
above, aflag indicating that subjects do not interfere with
each other in a 3-dimensional space may be appended
in a case where the degree of interference between sub-
jects is equal to or smaller than a predetermined value.
By transmitting such a flag, it is possible to separate an
object on the reception side. This separation will be de-
scribed in more detail.

[0103] Fig. 22A illustrates how a spherical subject AF
moves between time points t0 and t2. Fig. 22B illustrates
silhouette images corresponding to the subject AF at the
respective time points. Generally, silhouette images SI1
to SI3 corresponding to the positions of the subject AF
at the respective time points are generated.

[0104] Fig. 23A illustrates how a spherical subject AF
moves between time points t0 and t2 similarly to Fig. 22A.
In the present embodiment, as illustrated in Fig. 23B, for
example, it is possible to generate a composition silhou-
ette image Sl4 in which the silhouette images Si1 to SI3
are composed.

[0105] Here, as illustrated in Fig. 24, a free-viewpoint
image capturing system that captures the subject AF
moving with the lapse of time t using five image capturing
devices surrounding the subject AF will be considered.
When the 2-dimensionalimage data and the like obtained
by the free-viewpoint image capturing system are trans-
mitted, a background image is also transmitted together
with a flag indicating the subjects do not interfere with
each other in a 3-dimensional space as illustrated in Fig.
25. Note that the camera parameters include the posi-
tions of the respective image capturing devices in the 3-
dimensional position. Moreover, the 2-dimensional im-
age data and the depth image data in Fig. 25 may be a
3D model including color information.

[0106] On the reception side, it is possible to generate
a silhouette image corresponding to the 3D stroboscopic
composition video by referring to the background image
and the camera parameters. An example of the silhouette
image is illustrated as silhouette images S5 to SI9 in Fig.
26A. Furthermore, on the reception side, it is also possi-
ble to separate a silhouette corresponding to the subject
AF at a certain time point from the silhouette image SI5,
for example, by referring to the background image.
[0107] Separation of silhouettes can be realized by re-
projecting the 3D model on a camera viewpoint. An ex-
ample of a method of separating silhouettes will be de-
scribed. A visual hull method (a visual volume intersec-
tion method) generates a 3D object (a mesh) using sil-
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houette images captured by a plurality of cameras. For
example, a visual hullis generated using the composition
silhouette image SI5 obtained by the free-viewpoint im-
age capturing system which uses five image capturing
devices illustrated in Fig. 24. In this state, three objects
are stuck together (three cylinders are stuck horizontally).
Subsequently, the visual hull is cut using the composition
silhouette image SI6. In this way, the 3D object is sepa-
rated into three objects. The silhouette images up to the
composition silhouette image SI19 are projected to a cube
of the visual hull in this order whereby three spheres are
obtained. If it is possible to generate a visual hull from
image data (light ray information of an object), it is pos-
sible to reproject the depth of a 3D object to a camera if
the camera parameters are known. That is, when the
depth information of each object is reprojected to a cam-
era, it is possible to identify a shape photographed by
the camera. Furthermore, when the depth is converted
to logical 2-value information of 0 and 1, separated sil-
houettes are obtained. In this way, silhouettes can be
separated.

[0108] In addition, it is also possible to generate an
independent 3D model on the basis of a silhouette image
including separated silhouettes at a certain time point.
Furthermore, in a case where it is possible to detect a
motion vector of the subject AF, it is possible to interpo-
late the position of the subject AF at a certain time point.
In this way, it is possible to generate a silhouette image
including silhouettes at the interpolated position of the
subject AF and to generate a 3D model based on the
silhouette image.

[0109] In this manner, when the transmission system
100 appends a flag indicating that subjects do not inter-
fere with each other, the transmission side only needs to
transmit one composition silhouette image of certain time
points tto t', for example, and it is possible to reduce the
amount oftransmission data. The reception side can gen-
erate a silhouette image in which the subjects of respec-
tive time points are separated on the basis of one com-
position silhouette image. Moreover, itis possible to gen-
erate a 3D model on the basis of the generated silhouette
image. The reception side may display the generated 3D
models as independent models and may display a 3D
stroboscopic composition video generated by superim-
posing the generated 3D models at the respective time
points on a predetermined background.

Display example

[0110] Next, a display example of the respective 3D
models of a 3D stroboscopic composition video will be
described. Note that display-related control to be de-
scribed later is performed by the 3D stroboscopic com-
position unit 18, for example. In the present embodiment,
although the 3D stroboscopic composition unit 18 is de-
scribed as an example of a display control unit, the image
processing device 1 may have a display control unit dif-
ferent from the 3D stroboscopic composition unit 18.
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[0111] In some examples, the display control unit that
displays the stroboscopic image on a display device,
wherein the display control unit is configured to display
the stroboscopic image generated by arranging display
positions of the 3D models at different positions from orig-
inal positions in a case where an amount of change in
the position of the subject is equal to or smaller than a
predetermined value.

(First display example)

[0112] In a first display example, in a case where a
subject moves away from a viewer, a newest subject (ob-
ject) (that is, the subject positioned on the deeper side)
is displayed to be more clearly visible than other subjects.
For example, in a 3D stroboscopic composition video il-
lustrated in Fig. 27, the newest subject (the subject of
time point t4 in the illustrated example) is not visible or
is not easily visible. Therefore, as illustrated in Fig. 28,
the newest subject is displayed to be clearly visible. For
example, subjects captured in earlier time points (in the
illustrated example, the subjects of time points t0 to t3)
are displayed as wire frames, semi-transparently, or as
coarse point clouds. Moreover, the density of a subject
may increase gradually so that the density of the newest
subject (the subject of time point t4) is higher than that
of the earlier subject (the subject of time point t0). By this
display, the viewer can watch the 3D model on the deeper
side clearly.

(Second display example)

[0113] Inasecond display example, the generated 3D
models are displayed at positions different from their orig-
inal positions. As described above, the 3D stroboscopic
composition video may be generated even in a case
where movement of a subject is not present or in a case
where a movement amount of a subject is equal to or
smallerthan a predetermined value. In such a case, when
the generated 3D models are simply disposed at their
original positions, the 3D models may concentrate on a
specific region as schematically illustrated in Fig. 29A.
[0114] Therefore, 3D models are generated at respec-
tive time points, and the 3D models are rearranged so
that the display positions of the 3D models are different
from their original positions (that is, the degree of inter-
ference between 3D models is equal to or smaller than
a predetermined value) to thereby generate a 3D stro-
boscopic composition video. For example, as illustrated
in Fig. 29B, a 3D stroboscopic composition video in which
the generated 3D models are arranged in a circular di-
rection so as to be located at positions different from their
original positions is generated. (This is an example in
which the composition unit is configured to generate the
stroboscopic image using display positions for the rep-
resentations of the object for those images along a pre-
determined display path such as the circular path).
[0115] Moreover, as illustrated in Fig. 29C, a 3D stro-
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boscopic composition video in which the generated 3D
models are arranged in a lateral direction so as to be
located at positions different from their original positions
may be generated. Note that, in a case where the ar-
rangement of a plurality of 3D models is adjusted in this
manner, the positions of some 3D models may be iden-
tical to their original positions.

[0116] These arrangements therefore provide an ex-
ample of image processing apparatus 1 responsive to
successive images providing representations of an ob-
ject and to depth information indicating a three-dimen-
sional location of the object relative to at least one dis-
tance measuring device, the image processing appara-
tus comprising:

a frame selecting unit configured to select a set of the
successive images; and a composition unit configured
to generate a stroboscopic image, with respect to a stro-
boscopic image viewpoint, from the selected set of im-
ages; in which, when the three-dimensional locations of
the object are closer than a threshold separation for at
least a pair of the selected images, the composition unit
is configured to generate the stroboscopic image using
display positions for at least some of the representations
of the object for those images different from the display
positions of the respective captured images.

[0117] Such animage processing device may perform
an image processing method comprising: receiving suc-
cessive images providing representations of an object
and depth information indicating a three-dimensional lo-
cation of the object relative to at least one distance meas-
uring device; selecting a set of the successive images;
and generating a stroboscopic image, with respect to a
stroboscopic image viewpoint, from the selected set of
images; in which, when the three-dimensional locations
of the object are closer than a threshold separation for
at least a pair of the selected images, the generating step
comprises generating the stroboscopic image using dis-
play positions for at least some of the representations of
the object for those images different from the display po-
sitions of the respective captured images.

[0118] Note that, in a case where a plurality of different
subjects (for example, football or basketball players) are
present, 3D stroboscopic composition videos of respec-
tive subjects can be generated by tracking a specific sub-
jector setting a flag for identifying each subject or the like.

<Modification>

[0119] While embodiments of the present disclosure
have been described in detail, the content of the present
disclosure is not limited to the embodiments.

[0120] The presentdisclosure can be realized by a de-
vice, a method, a program, a system, and the like. For
example, a program for executing the functions de-
scribed in the embodiments may be downloadable, and
a device that does not have the functions described in
the embodiments may download and install the program.
By doing so, the device can perform control described in
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the embodiments. The presentdisclosure canbe realized
by a server that distributes such a program. In addition,
the matters described in the embodiments and the mod-
ification can be combined with each other appropriately.

[0121]

It should be understood by those skilled in the

art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims

[Reference Signs List]

[0122]

1

Image processing device

11 Camera calibration unit

14 3D stroboscopic composition determining unit
15 Interference detecting unit

16 Frame selecting unit

17 3D model generating unit

18 3D stroboscopic composition unit

100  Transmission system

101 Encoding device

201  Decoding device

Claims

1. Image processing apparatus (1) configured to re-

ceive successive groups of images of an object cap-
tured at the same time by two or more spaced apart
image capturing devices and depth information indi-
cating a three-dimensional location of the object rel-
ative to at least one distance measuring device, the
image processing apparatus comprising:

a frame selecting unit (16) configured to select
a set of the successive image groups;

a model generating unit (17) configured to gen-
erate athree dimensional model, for eachimage
group in the set of image groups, from images
captured at the same time by the two or more
spaced apart image capturing devices and from
the depth information, and to map a texture to
the generated three dimensional model; and

a composition unit (18) configured to generate
a stroboscopic image, with respect to a strobo-
scopic image viewpoint, by superposing the
three dimensional models generated by the
model generating unit on a predetermined back-
ground, wherein

the frame selecting unit is configured to select
image groups, for use by the model generating
unit to generate respective 3D models for inclu-
sion in the stroboscopic image which do not in-
terfere with each otherin a 3-dimensional space,
wherein the interference is an overlap between
the representations of the object in the succes-
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sive image groups.

The image processing apparatus according to claim
1, wherein

the frame selecting unit is configured to detect a de-
gree of interference, being information indicating a
degree of overlapping in a 3-dimensional space be-
tween a 3D model generated on the basis of a plu-
rality of predetermined viewpoint images and a 3D
model generated on the basis of a plurality of other
viewpoint images.

The image processing apparatus according to claim
1, further comprising:

a determining unit that determines presence of
movement of the object according to a change
in the position of the object, wherein

the composition unit is configured to generate
the stroboscopic image in a case where the de-
termining unit determines that movement of the
object is present.

The image processing apparatus according to claim
1, further comprising:

a display control unit that displays the stroboscopic
image on a display device, wherein the display con-
trol unit is configured to display the stroboscopic im-
age generated by arranging display positions of the
3D models at different positions from original posi-
tions in a case where an amount of change in the
position of the object is equal to or smaller than a
predetermined value.

The image processing apparatus according to claim
1, comprising a set of devices providing:

two or more image capturing devices, arranged
so that the successive images comprise groups
of images captured from different respective im-
age capture viewpoints; and

one or more distance measuring devices.

The image processing apparatus according to claim
1 in which the model generating unit is configured to
detect the intersection of visual hulls corresponding
to respective images of a group of images.

The image processing apparatus according to claim
1 in which the model generating unit is configured to
generate a mesh representing the object and to per-
form texture mapping on the generated mesh.

An image processing computer-implemented meth-
od comprising:

receiving successive groups of images of an ob-
ject captured at the same time by two or more
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spaced apart image capturing devices and
depth information indicating a three-dimension-
al location of the object relative to at least one
distance measuring device;

selecting a set of the successive image groups;
and

generating a three dimensional model, for each
image group in the set of image groups, from
images captured at the same time by the two or
more spaced apartimage capturing devices and
from the depth information;

mapping a texture to the generated three dimen-
sional model;

generating a stroboscopic image, with respect
to a stroboscopicimage viewpoint, by superpos-
ing the three dimensional models on a predeter-
mined background, wherein the frame selecting
step selects image groups, for use in the model
generating step to generate respective 3D mod-
els forinclusion in the stroboscopic image which
do not interfere with each other in a 3-dimen-
sional space, wherein the interference is an
overlap between the representations of the ob-
ject in the successive image groups.

Patentanspriiche

1.

Bildverarbeitungseinrichtung (1), die konfiguriert ist,
um aufeinanderfolgende Gruppen von Bildern eines
Objekts, das gleichzeitig durch zwei oder mehr be-
abstandete Bildaufnahmevorrichtungen aufgenom-
men wird, und Tiefeninformationen, die eine dreidi-
mensionale Position des Objekts relativ zu mindes-
tens einer Abstandsmessvorrichtung angeben, zu
empfangen, die Bildverarbeitungseinrichtung um-
fassend:

eine Einzelbildauswahleinheit (16), die konfigu-
riert ist, um einen Satz der aufeinanderfolgen-
den Bildgruppen auszuwabhlen;

eine Modellerzeugungseinheit (17), die konfigu-
riert ist, um ein dreidimensionales Modell fir je-
de Bildgruppe in dem Satz von Bildgruppen aus
Bildern, die gleichzeitig durch die zwei oder
mehr beabstandeten Bildaufnahmevorrichtun-
gen aufgenommen werden, und aus den Tiefen-
informationen zu erzeugen, und um eine Textur
auf das erzeugte dreidimensionale Modell ab-
zubilden; und

eine Kompositionseinheit (18), die konfiguriert
ist, um ein stroboskopisches Bild, hinsichtlich ei-
nes stroboskopischen Bildblickpunkts, durch
Ubereinanderlegen auf einem zuvor bestimm-
ten Hintergrund der dreidimensionalen Modelle,
die durch die Modellerzeugungseinheit erzeugt
werden, zu erzeugen, wobei

die Einzelbildauswahleinheit konfiguriert ist, um
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Bildgruppen zur Verwendung durch die Mo-
dellerzeugungseinheit auszuwahlen, um jewei-
lige 3D-Modelle fir einen Einschluss in das stro-
boskopische Bild zu erzeugen, die sich nicht in
einem dreidimensionalen Raum gegenseitig in-
terferieren, wobei die Interferenz eine Uberlap-
pung zwischen den Darstellungen des Objekts
in den aufeinanderfolgenden Bildgruppen ist.

Bildverarbeitungseinrichtung nach Anspruch 1, wo-
bei

die Einzelbildauswahleinheit konfiguriert ist, um ei-
nen Interferenzgrad zu erkennen, wobei es Informa-
tionen sind, die einen Uberlappungsgrad in einem
dreidimensionalen Raum zwischen einem 3D-Mo-
dell, das auf der Basis einer Vielzahl von zuvor be-
stimmten Blickpunktbildern erzeugt wird, und einem
3D-Modell, das auf der Basis einer Vielzahl von an-
deren Blickpunktbildern erzeugt wird, angeben.

Bildverarbeitungseinrichtung nach Anspruch 1, fer-
ner umfassend:

eine Bestimmungseinheit, die ein Vorhan-
densein einer Bewegung des Objekts gemaR ei-
ner Anderung der Position des Objekts be-
stimmt, wobei

die Kompositionseinheit konfiguriert ist, um das
stroboskopische Bild in einem Fall zu erzeugen,
in dem die Bestimmungseinheit bestimmt, dass
die Bewegung des Objekts vorhanden ist.

Bildverarbeitungseinrichtung nach Anspruch 1, fer-
ner umfassend:

eine Anzeigesteuereinheit, die das stroboskopische
Bild auf einer Anzeigevorrichtung anzeigt, wobei die
Anzeigesteuereinheit konfiguriertist, um das strobo-
skopische Bild anzuzeigen, das durch Anordnen von
Anzeigepositionen der 3D-Modelle an Positionen,
die unterschiedlich von urspriinglichen Positionen
sind, in einem Fall, in dem eine Anderungsmenge
der Position des Objekts gleich oder kleiner als ein
zuvor bestimmter Wert ist, erzeugt wird.

Bildverarbeitungseinrichtung nach Anspruch 1, um-
fassend einen Satz von Vorrichtungen, die bereit-
stellen:

zweioder mehr Bildaufnahmevorrichtungen, die
so angeordnet sind, dass die aufeinanderfol-
genden Bilder Gruppen von Bildern, die von un-
terschiedlichen jeweiligen Aufnahmeblickpunk-
ten aufgenommen werden, umfassen; und
eine oder mehrere Abstandsmessvorrichtun-
gen.

Bildverarbeitungseinrichtung nach Anspruch 1, wo-
bei die Modellerzeugungseinheit konfiguriert ist, um
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den Schnittpunkt von visuellen Hiillen, die jeweiligen
Bildern einer Gruppe von Bildern entsprechen, zu
erkennen.

Bildverarbeitungseinrichtung nach Anspruch 1, wo-
bei die Modellerzeugungseinheit konfiguriert ist, um
ein Netz zu erzeugen, das das Objekt darstellt, und
um eine Texturabbildung auf das erzeugten Netz
durchzufuhren.

Bildverarbeitendes computerimplementiertes Ver-
fahren, umfassend:

Empfangen von aufeinanderfolgenden Grup-
pen von Bildern eines Objekts, das gleichzeitig
durch zwei oder mehr beabstandete Bildaufnah-
mevorrichtungen aufgenommen wird, und von
Tiefeninformationen, die eine dreidimensionale
Position des Objekts relativ zu mindestens einer
Abstandsmessvorrichtung angeben;
Auswahlen eines Satzes der aufeinanderfol-
genden Bildgruppen; und

Erzeugen eines dreidimensionalen Modells fiir
jede Bildgruppe in dem Satz von Bildgruppen
aus Bildern, die gleichzeitig durch die zwei oder
mehr beabstandeten Bildaufnahmevorrichtun-
gen aufgenommen werden, und aus den Tiefen-
informationen;

Abbilden einer Textur auf das erzeugte dreidi-
mensionale Modell;

Erzeugen eines stroboskopischen Bildes hin-
sichtlich eines stroboskopischen Bildblick-
punkts durch Ubereinanderlegen der dreidi-
mensionalen Modelle auf einem zuvor bestimm-
ten Hintergrund, wobei der Einzelbildauswahl-
schritt Bildgruppen zur Verwendung in dem Mo-
dellerzeugungsschritt auswahlt, um jeweilige
3D-Modelle fur den Einschluss in das strobos-
kopische Bild zu erzeugen, die sich nicht gegen-
seitig in einem dreidimensionalen Raum inter-
ferieren, wobei die Interferenz eine Uberlap-
pung zwischen den Darstellungen des Objekts
in den aufeinanderfolgenden Bildgruppen ist.

Revendications

Appareil de traitement d'image (1) configuré pour
recevoir des groupes successifs d'images d'un objet
capturées au méme moment par deux dispositifs de
capture d'image espacés ou plus et des informations
de profondeur indiquant une localisation tridimen-
sionnelle de I'objet par rapport a au moins un dispo-
sitif de mesure de distance, I'appareil de traitement
d’'image comprenant :

une unité de sélection de trame (16) configurée
pour sélectionner un ensemble des groupes
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d’'images successifs ;

une unité de génération de modéle (17) confi-
gurée pour générer un modele tridimensionnel,
pour chaque groupe d’'images dans I'ensemble
de groupes d’images, a partir d'images captu-
rées au méme moment par les deux dispositifs
de capture d’'image espacés ou plus et a partir
des informations de profondeur, et pour mapper
une texture au modéle tridimensionnel généré ;
et

une unité de composition (18) configurée pour
générer une image stroboscopique, par rapport
a un point de vue d’'image stroboscopique, en
superposant les modéles tridimensionnels gé-
nérés par l'unité de génération de modeéle sur
un arriere-plan prédéterminé, dans lequel
I'unité de sélection de trame est configurée pour
sélectionner des groupes d’images, pour utilisa-
tion par l'unité de génération de modele pour
générer des modeles 3D respectifs pour inclu-
sion dans I'image stroboscopique, qui n’interfe-
rent pas les uns avec les autres dans un espace
a 3 dimensions, dans lequel linterférence est
un chevauchement entre les représentations de
I'objet dans les groupes d’images successifs.

Appareil de traitement d’image selon la revendica-
tion 1, dans lequel

I'unité de sélection de trame est configurée pour dé-
tecter un degré d’interférence, étant des informa-
tions indiquant un degré de chevauchementdans un
espace a 3 dimensions entre un modele 3D généré
en fonction d’une pluralité d'images de point de vue
prédéterminées et un modele 3D généré en fonction
d’une pluralité d’autres images de point de vue.

Appareil de traitement d’image selon la revendica-
tion 1, comprenant en outre :

une unité de détermination qui détermine une
présence de mouvement de l'objet selon un
changement dans la position de I'objet, dans le-
quel

I'unité de composition est configurée pour gé-
nérer I'image stroboscopique dans un cas ou
'unité de détermination détermine qu’'un mou-
vement de I'objet est présent.

Appareil de traitement d’image selon la revendica-
tion 1, comprenant en outre :

une unité de commande d’affichage qui affiche I'ima-
ge stroboscopique sur un dispositif d’affichage, dans
lequel I'unité de commande d’affichage est configu-
rée pour afficher 'image stroboscopique générée en
agencant des positions d’affichage des modeles 3D
a des positions différentes des positions originales
dans un cas ou une quantité de changement dans
la position de I'objet est égale ou inférieure a une
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valeur prédéterminée.

Appareil de traitement d'image selon la revendica-
tion 1, comprenant un ensemble de dispositifs
fournissant :

deux dispositifs de capture d’'image ou plus,
agenceés de sorte que les images successives
comprennent des groupes d’'images capturées
a partir de points de vue de capture d’'image res-
pectifs différents ; et

un ou plusieurs dispositifs de mesure de distan-
ce.

Appareil de traitement d'image selon la revendica-
tion 1, dans lequel I'unité de génération de modele
est configurée pour détecter l'intersection d’envelop-
pes visuelles correspondant a des images respecti-
ves d'un groupe d’images.

Appareil de traitement d'image selon la revendica-
tion 1, dans lequel I'unité de génération de modele
est configurée pour générer un maillage représen-
tant I'objet et pour effectuer un mappage de texture
sur le maillage généré.

Procédé de traitement d'image implémenté par or-
dinateur comprenant :

la réception de groupes successifs d’'images
d’un objet capturées au méme moment par deux
dispositifs de capture d'image espacés ou plus
et d'informations de profondeur indiquant une
localisation tridimensionnelle de I'objet par rap-
port @ au moins un dispositif de mesure de
distance ;

la sélection d’un ensemble des groupes d’'ima-
ges successifs ; et

la génération d’'un modéle tridimensionnel, pour
chaque groupe d’'images dans I'ensemble de
groupes d’'images, a partir d'images capturées
au méme moment par les deux dispositifs de
capture d’'image espacés ou plus et a partir des
informations de profondeur ;

le mappage d’'une texture au modéele tridimen-
sionnel généré ;

la génération d’une image stroboscopique, par
rapport a un point de vue d'image stroboscopi-
que, en superposant les modéles tridimension-
nels sur un arriere-plan prédéterminé, dans le-
quel I'étape de sélection de trame sélectionne
des groupes d'images, pour utilisation dans
I'étape de génération de modéle pour générer
des modeles 3D respectifs pour inclusion dans
l'image stroboscopique, qui n’'interférent pas les
uns avec les autres dans un espace a 3 dimen-
sions, dans lequel 'interférence est un chevau-
chement entre les représentations de l'objet
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dans les groupes d’'images successifs.
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[Fig. 8]
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